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Abstract 


PROBLEM TO BE SOLVED: To ease realization of mass production by clarifying the effect of parameters of 
a super-junction semiconductor device having a drift layer comprising parallel pn layers which depletes in 
OFF state while conducting current in ON state. 

SOLUTION: The impurity amount in an (n) drift region 12a is in the range of 100-150% or of 110-150% of 
the impurity amount in a (p) partitioning region. Or, the impurity concentration in either of the (n) drift region 
12a or the (p) partitioning region 12b is in the range of 92-108% of the impurity concentration in the other 
region. Besides, width of the one is in the range of 94-106% of the width of the other. 
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+t t i>ic*y#i&-c&£Zit+zm-m®m Ky 7 h 

SOI 0 0-1 5 0%<O«Hrtlc*5ii:«:»«fci-5 

ff« fc IB - ^flMtt^ 0 & ££Zlcga^ Lfcft?i| p 

V y h««t»-»«S!ttffl0fi«^Ort 
O^F*fi*S*S, te#<&S«^*fi*SG) 9 2-10 8% 

o «* t Jtwt* h ^R-e* s r t * i" 
1 75sw 3 co^i-n^ i *K\ctm<om8& 

-r* b ht*yftmvtt£ititi-z%-mmm Ky 7 h 
wm b m^mmmitm *>m®b zxmc&m Litttn P 

l<@-c*> 9 . m-mmm k y 7 tew * 

i«c<z)W»i§«o9 2-10 8%©jfifflrtfc*>a 
r t **** ^6«#&¥3M***. 

-tbb fefc*7ttfcT?ttffi2fc+8*-»«B K y 7 h 
JB-«MB!ft50 0 «« fc LfcM?iJ p 

y 7 hWfc«t-ttattgi*i«Kfc#fft7MstfRi 

05F*fi»»fl[0 9 2-1 0 8%0«fflrtlC*>Sr 
[1***71 »-*B-©£a5J:* ^ffilcKtt&ftfcr: 



r 1 1 t>jc*7ttJB'Cttsgs{ki-<5*-»tBa! k y 7 h 

«*^*r«f8Stta 9 feSESICEfi Lfc»J p 
y 7 h«*i«-*BS!ti«9««4**lT,**i««BI 

c»s-cs>9, »-»««! Ky 7 hm®b%-®mmi± 
94-10 6%<Dmwfttzhzzb*mmb-tz>m&& 

BfcRtt e>*vo*a r b *&mb 1 at* lb 

M**9] $-i:gz^I^ iffifcKttbttfcz: 

h**^fBZ»«Stt«9««fc*asSlc:E|lLfclfe^ 

-C, 1R-*«9K9 7 h«*tfB-W«S!tt9I9«*t 
(OrtO— *<7>®*O^F^S(0 9 2- 1 0 8%<Dfamft 
\ChZ> ^*B**0«l*©««*x. tT * * > Id * 

-o<D±mmb. tiD&tmniz. 

«p n^■fc*^B*sJB»**^llff*^<o*a*ifelc^3v^ 

fx *-»«SKy 7 h««t»-»«^!tt«l9««i: 
%<0&®%J&f&TZ>fclto<D?Fi&yo&<D9 2-1 
0 8%<ojfiHrt«cfc5^tt«)S«r»ALfc«, 
J: 9 tt#©«**r»jJM-« w ^ $r^m b 1~ 

[000 1] 

Zm-tb b fclc, *yVtM'?ft&&tfZ>&Mp nSfr 

wa*h7^^) , igbt 06»y-h^Jt? 

[0002] 

[«**>««] tt^fRii-^-ooiffi^tt^^ea 

£ft (««£**) ti»ffiRl^tthu-K*7Ba«3ftSfe 
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ic J; £ a^JBojffiaS*iR) fc *«S!¥»#**fc 
[0003J roifflHiw#+6*fttfei ur, KSJ?h 

»BA5. EP0053854, USP5216275, 

USP543821 5£J:tf*XH0an*blc.l:*tt 
BH¥9 - 2 6 6 3 l i ^«lc|g^$ixrv>-5, 
[00 04] **J*»W03BW*btt, *^**"Ctt« 

[0 0 0 5] 

ra£«fc*ft"0*s« L*»u 

[0 0 0 6] S^{b*3<fc^Sp 0 ajbtCioV^SgT* 

[0 0 0 7] roJ:5J5t*«fc«**»«OBtttt, * 

ffl»**«#*^«:««i-5 r fc fcfc 5o 
[0 0 0 8] 

fcJBr»«S!tt«*)««fcS:S5S:i!:EltLfcafeJ!lp nil 

oi o o-i 5 0%^fiirticfc5toi:t5 tt 
[ooo9] #ki. m-mmm vvy hffi«<o*«^s 

s^*-»«ffltt« D **G>*IMMta> 1 1 0 - 1 5 0 % 

[ooio] m-mwmvv 7 hwttiit-mm 
[ooii] mtHswc, Sf5-fcM$ntf>±® 
sjB-wasKy 7 h«*fc*-«astta9««fcS: 



mo&<0 9 2-1 0 8%<D«SIS^lCfc6tOfci--5o 

[0012] K-mw&v9 7hwmtn-mx 

ftft<D9 2-1 0 8%(Dl8fflrttC&o-C 1 t>J;^U * 

fc, *-WttSKy7 h««fc»r««ss}tt»9««fc 

fcg<D9 2-1 0 8%0«ffirtfc*>oTt>«fcl\, 

[0013] jB-*«siK9 7 Yffl&bnzmn, 

— ft#<D«#<0«*> 9 4 - 1 0 6 %<D 

®mftichz>h<Db-tz> 0 

[0014] m-mmm k v v vm^b^zMwrnm 

fcfcfcS. ^ot, P5««ttPC5F«*jB«fci-&fc, 
[0 0 15] ««>ni^UHW. HCMfcLT* ±15 

[0016] Me#«fcfci/m, »-»«SKy7 m 
tt fc £ "^^Mtt^l 9 @«c fc oft o-;fr<&«tt<&3F*fi* 

^MtSfc^W^M©9 2-1 0 8%^1S^(C 
[0 0 17] 

mbbzoftzuzo^xvim-tZo 
[ooi8] mum i ] &1\ a 3 \*nmzm^tt& 

m<D n ?**/um<Dm&&MO SFE T<0S*W4tt» 

<©«MMSrffiigT?*>S. tele, ^cH*a»lJ:BffiSr««p 

teaT^n^fcttpSraiBLfcB-^fi*^ **i**t« 

-5. *fc»^*ttJt«»i«3F«»aiSo, -ttitttW 

[0 0 19]i3l:m, 1 ltttt»tfW>n*KW 
1 2ttn 2 a, p{WJ?)«*12 

bbfrbt£5&Mpng<DV})7Vmx&Z>. 7 h 
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fctt?flpnJB*r K!>7 hJBi 2ir^d^:(c-f--5c £® 
JBKWU nK!)7h«12al:Mltnft*^« 
«12d^ ptt§J9®#l 2 bKMRLTp fr*/^ 

atf)f*3g&Kn*y-*ffiScl 4 fc MBftOp^^** h 
ffiftl 3 bt^»rit*tt-CV^5. n*y-7««14t 
n KJ7FW1 2 a p * x/HHtt 1 3 a 

SW^Op*:^** hflffigi 3 b0*Blc*aK:&tt 
i-^V-^Sffil 7*SRttb*VC^*. n*FW^H 

i i oaajctt K W ymm i 8 #«rt e>Ji/c v>5 0 1 
9 tta*B&K*$ i(«tft©ft»©«l»c* 9 , 
tf, »BMI«*«S/!J*;tf5* (PSG) V 
^•il7H H*>J:5fc|ftftBii 9^try-h 

itpa»mwj2os!iBif±, ^h7-<^«"et>, 

ptt99«*12bH nKy7h««12al:R 
e>nfcig 0 Tif ^Ic^ tr* *$"tMSUkl£ <fc 9 ** L 
TJMM-6. io8i*ttfcBlTtt:«WlO-2 0 
9 2 6 7#-C»«IJcKWbTt^o 
[00 20] «x.tf, 400V^7^MOSFETi: 

n + KW^Bii©lk8tt(i0. 01 
Q'cm, H$3 50Mm, K V 7 hS 1 2 <E>J?$ 3 2 
Mm, n K5 7h«l 2 a*SJ:tf p{t9J9MEl 2 b 
<D|8/im (1-<t*>*>, R^M^^nniHl 6 /i 
m) , **M«R£3. 0X1 0 15 cm— 3 , p 9xA<1H 
«13a«^3Mm, «B7M«SK 2 X 1 0 17 
cm— 3 , n + y-*««l 4C0ftft&£0. 

1 0 2O cm— 3 T*)S, 
[00 2 1] ^Rfc 800V^7^(OMOSFETi: 

54«t*£*. n*FU^l 1 lOJtjggtttO. 0 1 
fi'cm, H^3 5 0iim, K!> 7 Ml 1 24)9$ 4 8 
Mm, n 7 hfiKl 2 a*3J:U«ptt9I9««l 2 b 

m) , 5F*E*Sff3. 5X10 15 cm— \ p P*/^ 
«1 3a«»^l/:ra, *ffi*M4MB«3Xl 0 18 
cm— \ n + y-*®i§U 4<OfttfcES£0. 3/tm^ 

mwmm& 1 x 1 o 20 c m— 3 t£>* 0 

[0 0 2 2] 03<Dj&i^MOSFETO®)fm, 
J: 5 w t*t>fr% 9 h «SB l 6 fcBrj£rijE<0« 
JE^Si*P$n-5^, y-h«S«l 6iffTOp>>3:/i« 
m 3 aO*BJBtCR|EJB*S»fiSiX, n*7-*«* 

1 4d»bEC«*ai:Tn^^*/l^|lgcl 3dl:tW 



8, y-^«ffii 7iffl30s«ii-f5. 

[0 0 2 3] y-hSffiSl 6^©IEOfflEAS»9*& 
p **/HH«l 3 a<0*BJBfcRSSftfcEII5 

JBtftfffittu Kwyssi8, y-*twii 7Ki# 

ptt9J9««l 2bttpl>*/u««l 3 aSr^UTy- 
*mmi 7V&f&£ftX^Z><D-? y p!)x/«13a 
t n 12di OF^(0 pn^j a> n K!) 

7hfJSl 2aiptt99«ltl 2biOB©pnj8* 
J b**6>**l**vfflftJ|jftSn K9 7h«Jl 2 a, ptt 
«9««1 2 brt^dSoTCtLfej&S^bSttS, 

[0 0 2 4] pn»&JbHoaS«ll, nK97h 
®«1 2 a©B#rt|ia&tf0, L*>t>iS5W<DptW0 9« 

5 0 got, nK!J7l>i®12a(O^Mfi^ 

sctis-eta. *fcptt«09«i«i 2 bt>mttic3£ 

{b£ft*«> ptt«J9««l 2 bt««©pn^5>S 

12b^n K»7h««l 2a^CT:«n^i: 
IC J: 0 , Rtt1~5 n K!)7 1 2 a <7>2K#^££« 

p^9«ttl2b09t»A«««r¥tt-C*, n 
K9 7hWl 2a<0Kffi«wtt*S:B5ii:m 

[Xtt«2] p(»9IWl2b«)4CD^07IWft 
<K-X*) Sri x l 0 13 cnT 2 lc@£LT, rtltcft 
t5n K97MME1 2a©!)^«»| ( K-X 
*) ^ 8 0 - 1 5 0 %0® I"Cf it n ft ^/ViMO 
SFET^al/-> 3 yU *fcHRId3WLT* 

[0 0 2 5] 0 5 It, (Ron • A) 

(V DSS ) 0^««fttSffttS:^-t-»tt@T?&S, tttfe 
tt, 3B£Iffi (V DSS ) , ffibtt^ftSi (Ron - A) 
Tfc5o pft8J9««l 2 b«)7HMf* (K-Xfi) 
tt 1 X 1 0 13 c nT 2 fcB£ U •«» £ 8 m m t U 
K97H1 2^$ii3 2iimi L7t e 

[0 0 2 6] n K';7f««l 2 a 

**rl. OxioV (10 0%) KM 
t*4 4 5V-?, tyft»tt3 8mQ- cm 2 fcft6^ 
1. 3X 1 0 13 cm" 2 (1 3 0%) fc1-5i»ftHffitt3 
6 5 Ve^V»ettt2 4mQ • c m 2 (C, 1. 5X10 
13 cm" 2 (1 5 0%) k-TZ t&fkWti£\*2 8 0V-C*^ 
•Sail2 0mO • cm 2 (C{£T1-5o 

[0 0 2 7] mfrb, nK9 7 1 2 

*aspttSI9«#l 2 b©^FKftiMlTl 00-1 

0><7\ ^Xffigl (Ron- A) s6S«»*ttSr.4#to*» 
6o */c, 10 0-1 5 0%<O«Sffi-C^Kp p p^^ 
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yfiSt (Ron -A) <OtfbO*tt/hSV^-e, asftic 

«tt4 0 0V^7^tLfc^ £©BE*?*"Ot>WC 

[0 0 2 8] [3M6« 3 ] B 6 tt, L*«r^9^S/* 
(A) ^5F«»ftft#tt«:^-f«HtH-e*>5. 
flMtt. nF!)7 1 2 a © y >O^F««ft ( K 

-XE) , «ittLA97/<7yi/**aai (a) -e 

»>5. pttfflf)««l 2 b(0^DVOffi« (K- 
Xft) ^lxi0 13 cm- 2 C^U, ClKl^i--5n 
K y 7 h ffl* l 2 a o y yrc^FMWfi ( K-Xffl) £ 8 
0-1 5 0%w«It«xfc. »e*«=ttSft«l^ra 

[00 2 9] n K!17 1 2 a (D^m® 

0X10 13 cid" 2 (100%) (Ci^, 7^7V 
*/x«l«a (A) fi«7AtW^ I- 3X1 0 13 
era" 2 (130%) fctSir/^yS/sUmi (A) 
tt»6 3AJC, 1. SXIOV 2 (150%) fc-ra 
tJ/^yv'xSltft (A) Hfi7 2Ai45. 

[oo3o]BH, LAgr/^yv'xiiw^ 

n K!I7 bfm 1 2 a tt^FMIfeft ( K^Xft) £ 1 1 
0%«±lc1-*tBJ;v^t*fo^6. 14 0%^ 

T\ 0 1 -C<DB£IffiOi£T£#I&-<r£ i: 1 5 0%J^T 

[0 0 3 1] aiOjWttCt^ltJIpnJiOn K»7h 
««1 2 a*5j:tf pttfflflWei 2 b^)«fei(0^ 

*tt*^£SS+1-*Ui, BEE © h K* 

7H«fc*«fc3c«Loo, XlcLAttr/^y^xlR 
«o«BE«:L*:, KBffi©jB«^*W#*^©*8fl:^ 

X.T nff^/UlMO SFET^>$a u— > a^U 
*fc»WcKff U-CIIBUfe. 

[0 0 3 2] Bin, BE (V DSS ) o^F>MhB*Cptt 
«Ftt«r^1-»ttHT?fcSa Mfttt. ptt95«*12b 
<05F«*»«C P , S»fctt»JE (V DSS ) n K!> 

7 hB«l 2 a©5FttttBfl[C n tt3. 5X10 15 cm 
~ 3 «;:B£U Ktt bbfrS n mt U KU7Hl2(0 
m&K4 Stimt LfCo 

[0 0 3 3]«ttf, C n =C P =3. 5X10 15 cm' 3 
<ott, BJEf*S:fc{£9 6 0 V&tt£ft:« C P =3xi 
0 15 cm- 3 i:t5^IlETO7 5 0 Vid, 2xi0 15 c 
m- 3 <ti-6i:3Elc^3 8 0Vl:{£Tt5« 

[0 0 3 4] -tU*, n K!)7 1 2 a IC-Hft££ 



&1 2bOT»i8ffi$:n K2l7hB«l 2 a J;9 8< 
Lfc££te. pttSJ0g«l 2 blc+»fflSft:U**t4 

[0 0 3 51 SW, pfWQflflMEl 2 bO^«*BK 
C P d\ n Ky 7 ht«l 2 a(OWWSC n i:»LT 
±T8%»rtfc*34?>tf, BJEO&Tlil 0%^S-e 

[oo3 6] z(ommm\t, pttwo««i 2 b^w 

*B*c P *rBitfcB^'C*S*s, IBJD^ite^&n K 

y 7 h«« 1 2 a o*m>»&c n *&z.izm&\c<>^ 

XhnZZo *fc, RSBEfcMLTfc*tf>BEE*7* 

[MS0S5] fclC, n Ky 7 hBKl 2 a<D«L n £5 
<im-ttfcU pttiSO0®«l 2 b<0BLp^ttn 
f^vSMOSFET^5al/-VayU ^/cH 

[0 0 3 7 ] H 1 ii. BE (V DSS ) <D^mfcft&Z7F 

-fft&mvhZo mm*, pft9nj«*i 2 boon 

X10 15 cm- 3 I«U K5 7hBl 20BSI44 8 
limb L/Co 

[0 0 3 8] L n =L P =5/;m(7)^, BIB* 

•*«9 6 0Vfcft536S, Lp=4Mmtt5tB£Eli 
5 0 VlCiSTi-^o 
[0 0 3 9] n K y 7 httK l 2 a 

«12b«rnKy7 httttl 2 a J: Off < Lfct#tt> 
ptt«I0«*l 2bJc-H>SftftU**iftV^»»«:ti: 
T, ^»l±9BE3WtT-f«. 

[0 0 4 0] B^b, ptt«JD««l 2 b©*L P ^ 
n Ky 7 hm®l 2 a<DtgL n iC^LT±T6%^^iC 
&5«&tf, BEEOfficTfil 0%m&-?i-ttZb&t>fr 

So 

[0 04 1] r©lllS«fi, ptfc«J9««l 2bO«L 

P *r*x.fcj§£^*>**s, rai:rtttai»n Ky 7 b« 

igcl 2 a«L n ^i^lCO^Ttfi^ * 
fc, K^B£E«-ML"C*jifoB£E^7^-et>Pli:r^365 

[0 0 4 2] «±(D*Bfc*9afeMp nJiOn Kl) 7 r 
2 a*5j;CfpffcSJ*)«*l 2 bO=F»|fcB*^+ 
S«?>flF»**i*BB^W6d»l!:ftofcO"C, 

0 5SLfc«. l»««Cj:9tt«S'frTJ(Sj||pnJB*»* 
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[0 0 4 3] H4f±-t©J:5«*tt-e»3Stfc«@i<On 
ft*A«i«6MO S F E TOS*«l4»»*>tt»»f 

[004 4] B30«S£MOSFETOWffiHJ:»*f 
nK!)7hS«22a, p ftljO 9 ®*f£ 2 

U-C*JV^-C*»b, SSttJBS: 
+#fttttt*IB*r«ltf* nK!)7 h®&2 2 a t pit 

ao«*2 2 b kfomRttmoxotmrn 

[0 0 4 5] r(Dj:5<C»-&lw, nM7h«it2 2 

[0 0 4 6] jfefcifc^fcJiSK:. nK!)7h«« 
22a. pft«0»3««2 2 b©«dS#LVM*«C, 

22a, p tt« 0 tttt 2 2 b 

[0 0 4 7] *LT, rcotfijO^fcK 30S«3££< 
M(0 9 2-10 8%0®Eftic&;ft,tf, flftjEofSTte 

[0 0 4 8] aaufu^+tttf, »-8iSKy7h 

TOMMAtf* «fe#©«#<0¥#*tttt»*<& 9 2~i 

[0 0 4 9] n Ky7h«*2 2a, pffijOfl^ 

#2 2 b©«©W£«ffifcl/tt>, 9 4-1 0 6%<0® 

[0 0 5 0] 4*5, n KSI7 h««l 2 a JJjltfp tWO 
2 b©«**< U *l^««fciK<-«Uf, 

[00 5 1] 4*5, *lSWtt|RSS©MOSFETOHS: 



h\ /<-f#-9 h9^^^"Ct>B*OS**A«» 
[0 0 5 2] 

«ffl K » 7 h«*i»-*«8!tt9[J 9 SrSSH^E 
[BiEoffWftKH] 

[01] #»W«)j8S'&MOSFETjC*5«t*»BE (V 
dss) ©LpWtfcffttSr^i-WtH 
IB 2] HE (V DSS ) o7NMKKC P lk«Ftt«r^t« 

[B3] xikfli i (omm&Mo s f e t oa*tt4«as 

IB 4 ] HJg«aj 2 ©jgS^MO S F E Ttf>£#«4«3g 

[B 5] *JMBOjHJt&MOSFETlC*5IJ5*i^«a: 
(Ron -A) (V DSS ) ©^tt«ft«#1±«r 

[0 6] LMr^7^^x«M« (A) OTlMfe* 

[ft^oRE] 

11, 2 1 n + K^yf 

12,22 K!l 7 hfl 

12a, 22a nF!)7 h®*£ 

12 b, 2 2b ptt«9«« 

13 a, 2 3a p £:nyHH# 

13 b, 2 3b p + 3>^^ hWK 

14,24 n*y— 

1 5 y- h&UdBI 

1 6 hm®i 

1 7 y— *«ffi 

18 FW^II 

1 9 mmm 



-6- 



[01] 



[E2] 




[125] 



100 



80 



o 60 

i 

< 



- 




Pbos. :0.8e 


Sea 8 (80%) 




• 


& 


ron: 1.0*1 3cm* -** 




te13ci£<90*) 








\ 












l.ioia 

L2e13cW(l20%) 


.0*1 3 oaf 1 (100%) 
Da* (110*) 


1.5*13m~* (15010 


1.4413m 1 * (140* 


H.3oI3m'*{130»)' 







250 300 350 400 450 500 

BVdss (V) 

[06] 




-8- 



(72) ±® mm (72) wm ±m mm 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



TRADED TEXT OR DRAWING 
O BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




